Use of multiple antennas at both transmitting and recelvmg sides of communication channel has increased the spectral efficiency to near the Shannon bound. However algorithmic complexity in the realization of the receiver is a major problem for its implementation in hardware. In this This technique can be used in an efficient fixed point VLSI implementation of tbe algorithm.
I. INTRODUCTION
In the recent past several new techniques have been developed to increase the data transmission rate in wireless data communication. To achieve higher data rates, efficient use of the available radio spectrum is essential. The V
BLAST detection algorithm technique for Multiple Input
Multiple Output (MIMO) wireless communication systems [1] increases spectral efficiency to near the theoretical Shannon bound. However its complex receiver makes it unsuitable for low-power VLSI implementation. Several alternative algorithms and architectures for V-BLAST detection are proposed to reduce its complexity [2, 3] . For a suitable V-BLAST detection implementation, its algorithmic, arithmetic and architectural aspects require careful consideration. At the algorithmic level the numerical stability and robustness should be considered. At the arithmetic level signal quantization is important. At the architectural level parallelism and pipelining require attention.
In this paper we have investigated the use of I-pass QR factorization of the channel transfer matrix for VLSI hardware implementation. By suitable modification in the QR factorization technique we have resolved the problem of numerical instability associated with the division based back substitution [4] , while maintaining acceptable performance.
We have selected the CORDIC method for implementing the QR factorizer in an upper triangular systolic array. Our MA TLAB simulations of fixed-point implementation of algorithm point to a possible efficient VLSI hardware implementation.
This paper is organized as follows. The brief system model of the V-BLAST MIMO systems is, presented in Section 2. In Section 3 we present the I-pass QR factorization method and have compared it with the 2-pass QR algorithm [3] using the simulation results. In Section 4 we have analyzed some parameters of the proposed architecture based on CORDIe engine for the selected I-pass QR factorization algorithm. We have investigated the effects of these parameters on the final BER through MATLAB simulations. In Section 5 we conclude the paper.
II. V-BLAST SYSTEM OVERVIEW
At the transmitter side of a MIMO system a single data stream is demultiplexed into M sub streams and each sub stream is encoded independently into the symbols from the same constellation set (n) and then fed to its dedicated 
where hij is the channel fading between transmitter j and receiver i, which is a complex Gaussian random variable with zero mean and variance of 0.5 for the real and imaginary components, and nj is the complex Gaussian white noise with zero mean and variance (j2 ,
Because of the quasi-static flat fading nature of the channel we can assume that the channel transfer matrix is constant over a block time of L symbol duration and changes randomly after each block time. The rich scattering condition of the channel is well satisfied in indoor environments [5] with a number of scattering sources around the transmitter or 0-7803-8639-6/04/$20.00 ©2004 IEEE.
receiver. The system "( J)" can be expressed in matrix form as:
Among the MIMO algorithms, Maximum Likelihood (ML) detector algorithm is considered to the best performing and computationally the most complex one. V·BLAST OPT [6] however is generally recognized as the optimum detector for MIMO. The original V-BLAST algorithm uses 4 operation steps, ordering, nulling, slicing and cancellation, to detect the transmitted signals [6] .
Ill. QR FACTORIZATION BASED METHOD
The repeated pseudo inverse matrix computation in the while achieving comparable performance [3] . In this technique the channel matrix H is first arranged in decreasing column norm order. Such arrangement of columns ensures that the signals are detected in the increasing and decreasing orders of their signal to noise ratios for subsequent pass one and pass two of QR factorization algorithm, respectively.
Next, the 2-pass QR algorithm employs QR factorization twice with upper and lower triangularized channel matrices.
Subsequently, Symbol Interference Cancellation (SIC)
detection method is used to detect the transmitted symbols in the, increasing and decreasing orders of their signal to noise ratios, by the backward and forward substitutions in upper and lower triangular channel matrices, respectively. It then averages the soft values of the detected symbols from the two passes to estimate symbols. For OAM constellation with q > 4, we only require to employ I-pass QR factorization, with backward substitution to detect the transmitted symbols in the decreasing order of their signal to noise ratios, to achieve satisfactory performance [3] In our analysis we have applied the I-pass OR factorization detection algorithm, to a 4· 4 channel matrix.
The channel matrix is sorted with respect to its column norms The processors are made of2-stage CORDIC engines [10] for annihilating the sub diagonal entries of the channel matrix. We have optimized the CORDlC engines for our specific application with respect to compensation gain, number of CORDIC iterations and also size of word-length for the variables.
B. CORDIC compensation gain
The CORDIC engine used for the rotation of vectorshas a gain of k = 1.6473 [9] . To compensate for this gain, the rotated vector coming out of each CORDlC rotator should be multiplied by the compensating scale factor ofk-1 = 0.6073.
The hardware multiplier required for this scaling factor is a . major concern for the VLSI implementation design. We have 
D. Word length analySiS
The third parameter that influences the VLSI hardware implementation cost and performance is the number of fractional bits that is required for signal representation. fractional bits can be considered to be optimum for the fixed point representation of our system variables .
E. Back substitution SIC
After QR factorization of the channel matrix the back substitution SIC is used to estimate the transmitted signals.
Numerical instability of divisi on based back substitution 
